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Oral vibrotactile screening: Reliability of
low-frequency lingual vibrotactile thresholds

obtained for two baseline conditions
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The investigation evaluated the reliability of lingual vibrotactile thresholds obtained across
two baseline conditions separated by an average of 14 days . Each baseline condition included
three awareness training procedures as well as determination of the median of three vibrotactile
thresholds. Results indicated a high degree of individual and intergroup threshold consistency.
The authors view the technique as a possible screening procedure for general diagnostic use with
adults. A discussion featuring specific future research needs is included.

The normal sensitivity of lingual tissues to a vibrotac­
tile stimulus has been of interest to speech scientists for
more than a decade . This interest derives from the fact
that many theories about speech motor control emphasize
the importance of haptic sensory feedback mechanisms
(Fairbanks, 1954; Mysak, 1966; Van Riper & Irwin,
1962). Early research in this area attempted to determine
normative levels for lingual vibrotactile thresholds (Fucci,
1972; Fucci, Hall, & Weiner, 1971; Telage & Fucci ,
1974; Telage , Fucci , & Arnst , 1972). In general, these
studies provided data about lingual sensitivity based on
single-trial measurements; the exception was Telage and
Fucci's (1974) study, which provided normative data for
successive measurements. Furthermore, these investigations
measured vibrotactile thresholds within a range of higher
frequencies than was used in the present investigation.

Recent findings by Te1age and Gorman (1985) indicated
considerably greater lingual vibrotactile threshold detec­
tability in the 30-50-Hz frequency range. Because the
earlier studies cited above were concerned primarily with
obtaining thresholds at frequencies at or greater than
200 Hz, normative data relative to lower, more detecta­
ble frequencies is presently unavailable.

The purpose of the present study was to obtain norma­
tive baselines for low-frequency lingual vibrotactile
thresholds that reflect both individual and group response
patterns.

Address correspondenceto Kal M. Telage, Department of Speech­
Language Pathology and Audiology, School of Allied Health, Ithaca
College, Ithaca, NY 14850.

METHOD

Subjects
Nine young adults with no history of speech or sensory-motor im­

pairmentsserved as subjectsfor this investigation. Initia1ly, all subjects
were familiarizedwith the instrumentationand receivedan explanation
of the purpose of the study and the nature of the stimulus presented.

Apparatus
Figure I presents a block diagram of the instrument package used in

this study. The stimulus control unit is composed of Coulboum solid­
state logic modules. These units generate pulsed vibratory signals that
maybe variedin frequency, intensity, andtemporalcharacteristics. Three
universal timers are programmed to control signal duration and duty
cycle. The timers gate a selectable rise-fall module on and off. This
continuously adjustable electronic switch is set to generate a rise-fall
time of 100 msec. The signal from the rise-fall module is fed into a
precision signal generator and an audio mixer amplifier. Stimulus in­
tensities are varied in increments of 256 .5-dB steps by passing them
through a programmableattenuator and an 8-bit binary up-down coun­
ter. Pulsed signals from the stimulus control unit drive the electromag­
neticminivibrator that is thestimulus-producing aggregateof thesystem.

Testing Procedure
Figure 2 presentsa schematic diagram of thevibratorandfree-surround

disk. During thresholdmeasurements,each subject reclined in a motor­
izeddental lounge adjusted for easy access to the vibrator apparatus.
With the head reclining and supported, the lounge was elevated to al­
low thesubjectto press the anteriormidlinesurface of the tongueagainst
the surround disk. While the subject was in this position, the contaetor
(.32 em') was lowered through the opening in thedisk until it extended
I mm into the lingual surface. The diameter of the opening in theup­
per surround disk was 2 mmlarger than the diameter of the contactor.

Awareness Training
Awareness training procedures were employed for all subjects prior

to baselinethresholddeterminations for Trials 1 and 2. Awarenesstrain­
ing includedthree stepsduring whichsubjectstracked the lingual vibra-
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Figure 1. Block diagram of the instrumentation package.
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Figure 2. Schematic diagram of the free-surround disk and vibratory portions of the oral
vibrotactile stimulator.
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Figure 3. lntrasubject vibrotactile threshold data for Conditions
1 and 2 (N=9).
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Baseline Conditions
lmmediately after the two awareness trials, three successive lingual

vibrotaetile thresholdswere obtainedfrom each subjectas BaselineCon­
dition I. Pulsedstimuli(on 1.0 sec, off 1.0 sec) were initially presented
at 15 mV of contactor displacement and were automatically attenuated
in steps of approximately 2 mV per pulse, using a descending psycho­
physical method of limits. Subjects pressed an interface switch when
they no longer detected the vibrotactile stimulus. The complete proce­
dure, including awareness training and threshold determination, was
repeated for each subject as Baseline Condition 2. Conditions I and 2
were separated by an average latency of 2 weeks.

Threshold Measurement
An accelerometer mounted on the vibrating probe was set to emit

49.5 mVIg of accelerationas a functionof contaetor displacement. Dis­
placement voltages fromtheaccelerometer wereamplified aod thenmoni­
tored by a digital voltmeter set to read peakdisplacementvalues in mil­
livolts. The median of threethresholdtrials wasaccepted as eachsubject's
baseline threshold for Conditions 1 and 2.

RESULTS AND DISCUSSION

tory stimulus at suprathreshold levels. Step 1 required subjects to fo­
cus their complete attention on a 5Q.-Hz pulsed vibratory stimulus that
began at 100 mV of contactor displacement and was automatically at­
tenuated in 5-mV steps, using a descending psychophysical method of
limits. During this procedure, the intensity of the vibrotactile stimulus
remainedwellaboveeachsubject's threshold. Subjectsclosed their eyes
and attended to the tingling vibratory sensation, which was localized
at the anterior midline area of the tongue by the upper surround disk.

During Step 2, vibrotactile awareness training began at an intensity
of 50 mV and decreasedin stepsof2 mV per pulseto a levelof 18 mY.
During Step 3, the second awareness trial began at an intensity level
of 30 mV and was attenuated in the same manner to a level of 14 mV.
Both awarenessprocedureswere presentedat suprathreshold levels. The
purpose was to familiarizesubjects with the test procedures and orient
them to tracking the vibratory stimulus.

Table 1 presents means and standard deviations for lin­
gualvibrotactilebaseline thresholds obtained for each con­
dition. The threshold means for all subjects are very con­
sistent and differ by only 0.4 mV between conditions. A
t test for related means indicated a nonsignificant differ­
ence at the .01 level of confidence . Standard deviations
of 1.0 and 1.5 mV reflect highly consistent threshold
responses. These findings are also consistent with low­
frequency vibrotactile threshold data reported by Telage
and Gorman (1985).

Figure 3 compares each subject 's median vibrotactile
threshold for Trials 1 and 2 to determine the extent of
individual threshold variability between assessments.
Differences between successive thresholds range from 0.3
to 1.8 mY. Six of the 9 subjects' two thresholds differed
by less than 1.0 mY; 2 subjects ' successive thresholds

Table 1
Means and Standard Deviations for Lingual Vibrotactile

Thresholds Expressed in Millivolts of Peak Displacement (N=9)

Baseline Condition 1 Baseline Condition 2
50 Hz 50 Hz

M 3.7 4.1
SD 1.0 1.5
t 4.93*

*Nonsignificant at the .01 level of confidence.

differed by 1.1 and 1.2 mV. The thresholds of only 1 sub­
ject varied by as much as 1.8 mV between the two trials.

In determining the consistency of baseline thresholds ,
it is interesting to convert the range of threshold responses
in millivolts to a measure that indicates actual linear dis­
placements of the vibrating contactor into the lingual tis­
sues. Trial 1 thresholds ranged from a low of 2.5 to a
high of 5.5 mV. Trial 2 thresholds ranged from a low of
2.2 to a high of6.9 mY. The overall range in threshold
sensitivity across both trials was 2.2 to 6.9 mY. The fol­
lowing formula is used to convert the overall threshold
range (2.2 to 6.9 mY) to microns of peak contactor dis­
placement:

Microns = p.V x 250,000

= P x (sensitivity of accelerometer in p.V/g = 49.5) .

This conversion produces thresholds that range from
4.4 to 13.8 p. of peak displacement. Since 1 p. = one
thousandth of a millimeter , it is clear that subjects ' base­
line thresholds occurred within a range of 4.4 to 13.8
thousandths of a millimeter of peak contaetor displace­
ments into the lingual surface. This appears to be a very
narrow range of differential displacements and suggests
~ highly sensitive and consistent neural mechanorecep­
nve response.
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From a clinical standpoint, the method used-including
initial subject orientation to the nature and locus of the
vibrotactile stimulus, the two suprathreshold awareness
training trials, and determination of the median of three
successive thresholds-appears to serve as a reliable lin­
gual vibrotactile screening procedure for use with adult
subjects. On the basis of the present findings, normal adult
subjects should have lingual vibrotactile thresholds at
50 Hz that range between 2.0 and 7.0 mY, with the aver­
age falling somewhere around 4.0 mY.

Continued research is indicated to support the tentative
conclusions based on this investigation. It is necessary to
obtain a larger number of successive baseline threshold
trials per subject and to extend them over a longer time
interval. Continued research might also be directed toward
determining whether this screening procedure can be used
to obtain reliable thresholds from children. This could lead
to comparisons of children's and adults' thresholds that
may identify changes in lingual sensitivity that occur with
early maturation and/or aging.

Finally, if this screening procedure or modifications of
it continue to be reliable measures of lingual vibrotactile
sensitivity, research efforts should be directed toward as­
sessments within speech-disordered groups, particularly
those with known or suspected neurogenic etiologies. The
ability to identify the nature and extent of tactile sensory

deficits that contribute to motor speech impairments has
wide-ranging theoretical and clinical implications.

REFERENCES

FAIRBANKS, G. (1954). Systematicresearch in experimentalphonetics:
1. A theory of the speech mechanismas a servosystem. Journal of
Speech &: Hearing Disorders , 19, 133-139.

FUCCI, D. J. (1972). Oral vibrotactile sensation: An evaluationof nor­
mal and defectivespeakers. Journal ofSpeech &:Hearing Research,
15, 179-184.

FUCCI, D. J., HALL, D. E., &: WEINER, F. F. (1971) . Normativestudy
of oral and non-oral structures using vibrotactile stimuli. Perceptual
Motor Skills, 33, 1099-1105.

MYSAK , E. D. (1966). Speech pathology andfeedback theory . Spring­
field, 1L: Charles C. Thomas.

TELAGE, K. M., &: FUCCI, D. J. (1974). Concerning intrasubject mea­
surementsof successive lingualvibrotactile responses. Perceptual Mo­
tor Skills , 39, 1047-1052.

TEUGE, K. M., FUCCI, D. J., &: ARNST , D. J. (1972). Normativestudy
of oral vibrotactilesensitivity. Perceptual Motor Skills , 35, 671-676 .

TEUGE, K. M., &: GoRMAN, P. J. (1985) . An investigationoflingual
vibrotactile deteetability. Bulletin of the Psychonomic Society, 23,
50-52 .

VAN RIPER, C., &: IRWIN, J. (1962). Voice andarticulation. Englewood
Cliffs, NJ: Prentice-Hall.

(Manuscript received for publication March 9, 1987.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




